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Conversion Factors, Abbreviations, and Datum

Muitiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
millimeter (mm) 0.03937 inch (in.)
Area
acre 4,047 square meter (m?)
square mile (mi%) 2.590 square kilometer (km?)
Volume
cubic foot (ft3) 0.02832 cubic meter (m°)
Flow rate
cubic foot per second (ft3/s) 0.02832 cubic meter per second ( m’/s)
Mass
gram (g) 0.03527 ounce (0z)
milligram per kilogram 0.000016 ounce per pound (0z/1b)
pound, avoirdupois (Ib) 0.4536 kilogram (kg)
ton, short (2,000 1b) 0.9072 megagram (Mg)

microgram per liter (ug/L)
milligram per liter (mg/L)

Chemical constituents
1.0
1.0

part per billion (ppb)
part per million (ppm)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8x°C) + 32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/18.

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
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Table 3. Streambed-sediment sampling sites in the Kansas part of the Tri-State Mining District, 2004.

[USGS, U.S. Geological Survey; KDHE, Kansas Department of Health and Environment; OK, Oklahoma; KS, Kansas; MO, Missouri; --, not applicable;
NRDAR, natural resource damage assessment and restoration]

USGS 7.5-minute

Map index USGS site tatltUde L;)ng|tude quadrangle KDHEI
number identification Site name { egrees, ( egrees, (Kansas unless musse
. minutes, minutes, . site
(fig-2) number seconds) seconds) otherwise identifier'
indicated)
1 365956094521400 Elm Creek tributary at 36°59'55.8" 94°52'14.5"  Picher, OK-KS -
Kansas-Oklahoma State line
near Treece
2 370245094503800 Tar Creek tributary 1 at Green-  37°02' 45.4" 94°50' 38.2"  Neutral --
lawn Road near Treece
3 370245094510000 Tar Creek at Greenlawn Road 37°02'45.2" 94°50' 59.6" Neutral --
and SW 10th Street near Treece
4 370245094515000 Tar Creek tributary 2 at Green-  37°02' 45.3"  94°51'49.9"  Neutral --
lawn Road near Treece
5 370153094511100 Tar Creek at U.S. 166 Highway  37°01' 53.0" 94°51'10.9"  Neutral --
near Treece
6 370100094512100 Tar Creek at Star Road near 37°01'00.1" 94°51'21.1"  Neutral -
Treece
7 370101094514800 Tar Creek tributary 3 at Star Road 37°01' 00.6" 94°51'47.7"  Neutral -
near Treece
8 370100094514300 Tar Creek tributary 4 at Star Road 37°01' 00.2" 94°51'42.7"  Neutral -
near Treece
9 370034094514400 Tar Creek near center of section  37°00' 33.6" 94°51'43.6"  Neutral -
11, 1 mile northwest of Treece
10 365956094510800 Tar Creek upstream of Treece 36°59' 56.0" 94°51' 07.6"  Picher, OK-KS -
Road near Treece
11 365955094505400 Tar Creek tributary at Kansas- 36°59'55.4" 94°50' 53.7"  Picher, OK-KS --
Oklahoma State line near
Treece
12 365956094480500 Lytle Creek at Kansas- 36°59'55.8" 94°48'05.1"  Picher, OK-KS --
Oklahoma State line near
Treece
13 371158094373000 Spring River near Lawton 37°11'58.2" 94°37'30.4"  CarlJunction, SPRNG2
MO-KS
14 371429094375500 Cow Creek tributary at 110th 37°14'29.4" 94°37'54.6" Crestline -
Street near Lawton
15 371425094390100 Cow Creek tributary at 100th 37°14' 25.4" 94°39' 00.7" Crestline --
Street near Lawton
16 371319094391400 Cow Creek at Lawton Road near 37°13'19.2" 94°39'13.6"  Crestline COwWl1
Lawton
17 371253094400600 Cow Creek tributary at 90th 37°12'52.6" 94°40' 05.5"  Crestline -
Street near Lawton
18 371059094384200 Spring River upstream of K-96  37°10' 58.7" 94°38'42.3"  Crestline SPRNG3
Highway near Lawton
19 370934094373800 Spring River near Kansas- 37°09'33.7" 94°37'38.0"  Crestline -

Missouri State line
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Table 3. Streambed-sediment sampling sites in the Kansas part of the Tri-State Mining District, 2004.—Continued

[USGS. U.S. Geological Survey; KDHE, Kansas Department of Health and Environment; OK, Oklahoma; KS, Kansas: MO, Missouri; --, not applicable;
NRDAR, natural resource damage assessment and restoration]

USGS 7.5-minute

Map index USGS site ('ézt'tr‘;‘l‘: (L(‘j’:gi”ed: quadrangle n'fl?s':Eel
number identification Site name 2grees, 2grees, (Kansas unless .
) minutes, minutes, . site
(fig. 2) number otherwise e
seconds) seconds) - identifier
indicated)
20 370904094370100 Spring River at confluence with  37°09' 03.9" 94°37'01.4"  CarlJunction, --
Center Creek near Smithfield, MO-KS
MO (Jasper County)
21 370756094373100 Spring River at 110th Street near 37°07' 55.7" 94°37'30.9"  CarlJunction, SPRNG4
Galena MO-KS
22 370740094373000 Turkey Creek at 110th Street near 37°07' 40.5" 94°37'29.5"  CarlJunction, -
Galena MO-KS
23 370746094374000 Spring River at confluence with  37°07' 46.4" 94°37'40.3"  Crestline --
Turkey Creek near Galena
24 370753094385600 Spring River 1 mile south of 37°07' 53.3" 94°38'55.8"  Baxter Springs  SPRNGS
Messer School near Galena
25 370628094392000 Spring River at Lostine Road 37°06' 28.4" 94°39'20.3"  Baxter Springs -
near Galena
26 370526094370800 Short Creek near Galena 37°05'25.9" 94°37'08.0"  Joplin West MO- -
KS
27 370528094371500 Short Creek tributary north of 37°05'28.4" 94°37'15.3"  Joplin West MO- -
Short Creek near Galena KS
28 370522094371900 Spring Branch tributary to Short  37°05' 21.5"  94°37' 19.0"  Joplin West MO- --
Creek near Galena KS
29 370501094375800 Short Creek tributary near Galena 37°05' 01.4" 94°37'58.3"  Baxter Springs --
30 370459094381200 Short Creek tributary at Galena ~ 37°04' 59.2" 94°38'12.5"  Baxter Springs -
31 370504094382000 Short Creek at Main Street at 37°05' 03.7" 94°38'20.2"  Baxter Springs --
Galena
32 370406094375400 Short Creek tributary at Wood ~ 37°04' 06.4" 94°37'53.6"  Baxter Springs -
Street at Galena
33 370405094382600 Short Creek tributary at K-26 37°04' 05.4" 94°38'26.4"  Baxter Springs -
Highway at Galena
34 370429094384800 Short Creek tributary at K-66 37°04' 29.2" 94°38'47.9"  Baxter Springs -
Highway near Galena
35 370455094385600 Short Creek tributary near conflu- 37°04' 55.4" 94°38' 55.5"  Baxter Springs -
ence with Short Creek near
Galena
36 370501094390500 Short Creek 0.6 mile north of 37°05'01.3" 94°39'04.8"  Baxter Springs -
K-66 Highway near Galena
37 370520094393200 Short Creck tributary at Vine 37°05' 19.9" 94°39'31.7"  Baxter Springs -
Street near Galena
38 370524094395900 Short Creek at Vine Street near  37°05'24.1"  94°39'59.2"  Baxter Springs SHORT1
Galena
39 370533094404700 Short Creek near confluence with 37°05'32.8" 94°40' 46.9"  Baxter Springs -

Spring River near Riverton
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[USGS, U.S. Geological Survey; KDHE, Kansas Department of Health and Environment; OK, Oklahoma: KS, Kansas; MO, Missouri; --, not applicable;
NRDAR, natural resource damage assessment and restoration}

USGS 7.5-minute

Map index USGS site Id_at|tude I(_gngltude quadrangle KDHEl
number identification Site name ( egrees, egrees, (Kansas unless musse
(fig. 2) number minutes, minutes, otherwise . S'Fe. 1

seconds) seconds) - identifier
indicated)

40 371208094421700 Little Shawnee Creek at U.S. 69 37°12'07.7" 94°42' 16.8"  Crestline --
Highway near Crestline

41 371059094421700 Shawnee Creck at U.S. 69 High- 37°10'59.2" 94°42' 16.6"  Crestline --
way near Crestline

42 371041094421000 Shawnee Creek tributary at K-96 37°10'41.0"  94°42' 10.0"  Crestline -
Highway near Crestline

43 371040094415100 Shawnee Creek at K-96 Highway 37°10'40.4" 94°41'50.9"  Crestline --
near Crestline

44 370855094403800 Shawnee Creek at Messer Road  37°08' 54.8" 94°40' 38.2"  Crestline --
near Crestline

45 370709094410500 Shawnee Creek at Boston Mills ~ 37°07' 09.1"  94°41' 05.0"  Baxter Springs ~ SHWNI1
Road near Riverton

46 370825094432100 Shawnee Creek tributary at 60th  37°08' 25.3" 94°43'20.9"  Crestline -
Street near Crestline

47 370709094413800 Shawnee Creek tributary at Bos- 37°07' 09.3" 94°41'38.2"  Baxter Springs --
ton Mills Road near Riverton

48 370616094410200 Shawnee Creek at Lostine Road  37°06' 16.1"  94°41' 02.3"  Baxter Springs -
near Riverton

49 370523094410800 Spring River near confluence of  37°05' 22.8" 94°41'07.8"  Baxter Springs --
Shawnee Creek near Riverton

50 370428094395400 Spring River tributary at K-66 37°04' 28.5" 94°39'54.2"  Baxter Springs --
Highway near Riverton

51 370448094395000 Spring River tributary at Chico ~ 37°04' 48.5" 94°39' 50.3"  Baxter Springs -
Road near Galena

52 370432094412100 Spring River tributary near 37°04' 32.4" 94°41'21.3"  Baxter Springs -
Riverton

53 370156094370900 Shoal Creek at Kansas-Missouri  37°01' 55.8" 94°37'09.2"  Joplin West MO- -
State line KS

54 370211094375500 Shoal Creek 0.5 mile east of K-26 37°02' 11.5" 94°37'54.8"  Baxter Springs -
Highway near Galena

55 370232094383300 Shoal Creck at Schermerhorn 37°02'31.7" 94°38'33.1"  Baxter Springs SHL3
Park on K-26 Highway near
Galena

56 370224094385900 Shoal Creek tributary 0.3 mile 37°02'23.7" 94°38'59.1"  Baxter Springs --
west of K-26 Highway near
Galena

57 370228094390300 Shoal Creek near K-26 Highway 37°02' 28.3" 94°39' 02.6"  Baxter Springs -
near Galena

58 370244094392100 Shoal Creek tributary 0.75 mile ~ 37°02'44.5" 94°39'21.2"  Baxter Springs -

west of K-26 Highway near

Galena
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Table 3. Streambed-sediment sampling sites in the Kansas part of the Tri-State Mining District, 2004.—Continued

[USGS, U.S. Geological Survey; KDHE, Kansas Department of Health and Environment; OK, Oklahoma; KS, Kansas; MO, Missouri; --, not applicable;

NRDAR, natural resource damage assessment and restoration]

USGS 7.5-minute

Map index USGS site (I&atltude I(_gngnude quadrangle KDHEl
number identification Site name egrees, egrees, (Kansas unless musse
(fig. 2) number minutes, minutes, otherwise . S”.e. 1

seconds) seconds) - identifier
indicated)

59 370243094392400 Shoal Creek tributary 0.87 mile ~ 37°02'42.8" 94°39'24.2"  Baxter Springs --
west of K-26 Highway near
Galena

60 370223094393500 Shoal Creek 0.90 mile west of ~ 37°02'23.2” 94°39'34.8”  Baxter Springs
K-26 Highway near Galena

61 370232094401400 Shoal Creek near Lowell 37°02'32.1" 94°40' 13.6"  Baxter Springs -

62 370319094420800 Spring River below Empire Lake 37°03' 18.6" 94°42' 08.1"  Baxter Springs -
near Lowell

63 370344094422100 Spring River below Empire Lake 37°03'44.5" 94°42'21.1"  Baxter Springs --
Dam near Riverton

64 370803094464600 Brush Creek tributary at Clem 37°08' 02.7" 94°46' 46.2"  Columbus --
Road near Neutral

65 370706094472600 Brush Creek at 22nd Street near  37°07' 05.8" 94°47' 26.4"  Neutral --
Neutral

66 370616094463600 Brush Creek at Lostine Road near 37°06' 15.8" 94°46' 36.3"  Neutral BRSH1
Riverton

67 370523094455100 Brush Creek at Quaker Road near 37°05'23.4" 94°45'51.4"  Neutral -
Riverton

68 370512094484800 Bitter Creek at SE 10th Street 37°05'12.5" 94°48'47.9"  Neutral -
near Treece

69 370451094463700 Bitter Creek at SE 30th Street 37°04' 50.7" 94°46' 37.3"  Neuural -
near Treece

70 370505094453500 Brush Creek at SE 40th Street 37°05' 04.9" 94°45'34.9"  Neutral -
near Riverton

71 370617094444200 Brush Creek tributary at Lostine  37°06' 17.3"  94°44'41.6"  Baxter Springs --
Road near Riverton

72 370444094442600 Brush Creek tributary at SE 50th  37°04'44.1"  94°44' 26.2"  Baxter Springs -
Street near Riverton

73 370424094442700 Brush Creek at Old U.S. 66 High- 37°04' 23.5" 94°44' 26.6"  Baxter Springs -
way near Riverton

74 370237094433400 Spring River near Lowell 37°02' 36.6" 94°43'34.2"  Baxter Springs --

75 370432094494000 Willow Creek at Beasley Road ~ 37°04'31.6" 94°49'40.0"  Neutral -
near Neutral

76 370245094474400 Willow Creck at SE 20th Street  37°02'45.3"  94°47'44.2"  Neutral --
and Greenlawn Road near Bax-
ter Springs

77 370213094474200 Willow Creek tributary at SE 37°02 13.0" 94°47'42.2"  Neutral -
20th Street near Baxter Springs

78 370215094463600 Willow Creek at Swalley Avenue 37°02' 15.2" 94°46'36.4"  Neutral -

near Baxter Springs
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both analyses had concentrations greater than laboratory
method reporting limits (noncensored data). No RPDs were
available for molybdenum, thallium, and uranium. Both median
and mean RPDs for all summarized constituents were substan-
tially less than the target quality goal of +20 percent RPD. The
maximum RPD exceeded this goal for only four constituents
(copper, mercury, nitrogen, and selenium). Generally, the larg-
est RPDs were calculated from paired analyses with relatively
small concentrations. However, overall results of concurrently
collected replicate samples of streambed sediment indicated
that variability in sampling methods was small for the sites
assessed during the study described in this report and within the
acceptable quality-assurance goals of +20 percent.

Sequential-replicate samples consisted of two indepen-
dently collected (different subsampling sites) samples acquired
at the same sampling site. Analysis of sequential-replicate sam-
ples measures the effects of sampling-site (within site) variabil-
ity and the degree to which data accurately and precisely
represent a characteristic of a population at a sampling site.
Results of analyses of sequentially collected replicate
streambed-sediment samples indicated greater variability than
evidenced in the collection of concurrent-replicate samples
(table 5). Sequential-replicate samples were collected at only
two streambed sampling sites (sites 23 and 46; fig. 2; table 11)
so definitive conclusions that can be drawn from this data set
are limited. Site 23 (Spring River, table 3) generally had accept-
able agreement in analytical results of sequential-replicate sam-
ples as indicated by most of the minimum RPDs listed in table
5, whereas results for samples from site 46 (Shawnee Creek
tributary; table 3) had large RPDs as indicated by the maximum
RPDs listed in table 5 (except for antimony, chromium, and
selenium that had larger RPDs at sampling site 23). Analytical
reanalysis of the sample from site 46 (table 11) verified the
large RPDs. The relatively large RPDs at site 46 may be an
anomaly, an indication of pervasive conditions among the sam-
pling sites, or evidence that stream size (associated drainage
area) is a contributing factor in sediment-quality variability.
Site 46 represented one of the smallest stream segments (fig. 2)
of all 87 sampling sites. Sediment-quality variability in small,
pool-and-riffle streams may be a natural condition not evident
in larger streams such as the Spring River. Clearly. no conclu-
sion can be substantiated with the available data, but it does
indicate that sequential-replicate sampling should be a larger
part of quality-assurance protocols for future work in the Tri-
State District.

Sampling site 31 (Short Creek, fig. 2) was sampled twice
(about 1 month apart, table 11) to determine short-term (tempo-
ral) sediment-quality variability. Although data from one site
does not provide a comprehensive evaluation of temporal vari-
ability for the 87 sites sampled during the study described in this
report, it does provide some information about temporal vari-
ability relative to other variability factors. For example, 69 per-
cent (18 of 26 constituents) of RPDs between temporal
replicates were less than or within the range of
corresponding sequential-replicate RPDs, and 50 percent (13 of

26 constituents) were within the range of corresponding concur-
rent-replicate samples. Temporal-replicate RPDs for lead and
zinc were less than mean or median lead and zinc RPDs for
either concurrent- or sequential-replicate RPDs, and in fact, the
temporal-replicate RPD for lead (0 percent) equalled the mini-
mum concurrent-replicate RPD. Overall, temporal-replicate
RPDs ranged from 0 percent (beryllium, lead, and molybde-
num) to about 48 percent for organic and total carbon with a
median of 16.8 percent and a mean of 18.4 percent. Therefore,
short-term, temporal factors do not seem to be a substantial
source of variability in sediment-quality data for many of the
assessed constituents, at least relative to sample-collection
methods as evaluated by concurrent-replicate samples or to
within-site variability as evaluated by sequential-replicate
samples.

Laboratory split-replicate samples consisted of two sub-
samples of a homogeneously prepared environmental sample
that were randomly selected at the time of sample analysis.
Analysis of split-replicate samples measures the precision
(reproducibility) among replicate measurements of the same
property and represents the ability of laboratory methods to
reproduce the same or nearly the same concentration of selected
constituents in a natural environmental matrix. Fifteen labora-
tory split-replicate samples were analyzed to evaluate precision
in laboratory methods (table 5). Of the 25 constituents with non-
censored data, none had median or mean RPDs greater than the
target goal of +20 percent, and only eight of those had maxi-
mum RPDs that exceeded +20 percent. Therefore, laboratory
precision, as evaluated with this data set, was acceptable and not
a source of substantial variability in constituent concentrations
for samples collected during the study described in this report.

Standard-reference soil/sediment samples were obtained
from sources indicated in table 12. Analysis of reference sam-
ples provides a measure of the accuracy of laboratory methods
to produce the true value of a measured constituent and essen-
tially represents the bias in methodology (instrumentation and
procedures). As many as 30 reference-sample analyses were
performed for the sediment-quality constituents evaluated in the
study described in this report (table 6). Of the 651 constituent
analyses performed on reference samples, 87 percent met qual-
ity goals as previously defined. Censored results (106 constitu-
ent analyses) were not used in comparison to reference limits or
MPVs. Individually, the percentage of acceptable reference
sample analyses ranged from 25 percent for uranium to 100 per-
cent for several constituents. Median and mean percentage dif-
ferences from MPVs generally were less than 10 percent. Many
of the results that did not meet quality goals were from samples
with small concentrations, relative to other reference samples
and (or) environmental sample concentrations (table 11), such
as antimony, cadmium, cobalt, copper, mercury, molybdenum,
selenium, silver, titanium, and vanadium. Generally, however,
laboratory accuracy was of acceptable quality, and the analyti-
cal results from environmental samples were considered repre-
sentative of the samples submitted for analysis.
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Table 6. Summary of trace element and nutrient analyses of standard-reference soil/sediment samples.

[MPYV, most probable value; --, not determined]

Percentage difference from MPV Percentage of
Number of {absolute values) reference
Trace element or nutrient  reference R,\a/'nge gf analyses within
analyses' Fve Minimum  Median Mean Maximum established

quality criteria®
Aluminum 30 2.30-9.73 0.1 1.2 1.5 6.5 100
Antimony 27 0.3-194 0 38 6.4 19.0 89
Arsenic 27 3.5-105 0 4.8 6.4 314 100
Barium 30 210-1.370 0 4.0 7.7 49.6 90
Beryllium 22 1.06-9.6 3.0 7.6 8.7 18.2 81
Cadmium 22 0.14-41.7 0 25.0 21.6 50.0 50
Carbon, organic, total 4 3.3-25.0 3.0 6.0 58 8.0 100
Carbon, total 19 1.2-28.0 0 5.0 7.3 235 80
Chromium 30 3.2-352 0 6.6 9.4 344 93
Cobalt 29 0.9-46.8 1.0 4.5 6.6 44.4 90
Copper 30 4.6-117.7 0 5.6 8.7 56.5 87
Iron 30 2.00-7.91 0 2.7 2.6 5.7 100
Lead 30 12.0-1,162 0 6.8 7.3 17.6 80
Lithium 24 17.0-147 0 4.0 6.6 21.9 88
Manganese 30 234-1,757 0 29 3.8 13.9 97
Mercury 28 0.01-6.25 0 13.6 171 3.900 50
Molybdenum 27 1.37-134 0 11.5 13.5 50.0 67
Nickel 30 3.0-99.5 0 5.5 11.1 60.3 100
Nitrogen, total 3 35 5.7 11.4 10.5 14.3 67
Phosphorus 30 270-1,552 0 42 5.1 16.1 100
Selenium 19 0.194.95 0 53 8.6 47.4 68
Silver 7 0.08—1.63 .6 22.0 105 520 43
Strontium 30 68.0-700 0 4.0 4.2 10.5 100
Thallium 0 - -- - -- - --
Titanium 30 0.081-0.884 0 3.8 4.3 11.1 90
Vanadium 30 8.7-357.6 0 6.2 10.4 65.5 97
Uranium 4 9.06-48.8 10.7 31.8 58.6 160 25
Zinc 30 49.0-485.3 0 33 4.0 10.8 100

Does not include analyses reported as less than the laboratory method reporting limit.
’In milligrams per kilogram except for aluminum, carbon, iron, nitrogen, and titanium. which are in percent dry weight.

3Acceptable variability among analyses of standard-reference samples is within the published limits for each constituent for each standard or
+10 percent of the MPV, whichever is greater.
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Assessment of Contaminated Streambed
Sediment

Streambed sediment is a natural accumulator of many
trace elements. Analysis of streambed sediment can provide
useful information about stream and watershed contamination
sources, extent, and magnitude. Samples of streambed sediment
were collected at 87 sampling sites throughout the Cherokee
County superfund site (fig. 2) and analyzed for trace element
and nutrient content. Results of these analyses were tabulated
(table 11 in the “Supplemental Information” section at the back
of this report), summarized, and assessed. The assessment of
these data included the identification of past or present trace ele-
ment and nutrient contamination, the extent and magnitude of
that contamination, and the potential for the contaminated sed-
iment to adversely affect aquatic life relative to recommended
sediment-quality guidelines. Quality-assurance samples were
collected at many sampling sites in addition to primary environ-
mental samples (table 11). For sampling sites with both primary
and concurrent-, sequential-, temporal-, or laboratory split-
replicate samples or reanalyses, analytical results of these pri-
mary and quality-assurance samples were averaged prior to sta-
tistical summary and assessment.

Statistical Summary and Spatial Variability

Trace element and nutrient concentrations in streambed
sediment from all 87 sampling sites (table 11) were summarized
statistically and selected percentiles calculated (table 7). Large
ranges in concentrations were determined for several trace ele-
ments. Most notable were those for cadmium, lead, and zinc
that had factor increases (maximum divided by minimum con-
centrations) of about 770, 340, and 450 times, respectively.
These contrast with factor increases of less than 10 times for the
majority of constituents (aluminum, arsenic, barium, beryllium,
carbon-organic, carbon-total, chromium, iron, lithium, nickel,
nitrogen, strontium, titanium, and vanadium). Factor increases
of 50 times or greater were calculated for antimony (55), copper
(59), and phosphorus (50), whereas factor increases of 25 times
or less were calculated for cobalt (18), manganese (25), and
selenium (13). Because of censored data for either the minimum
or maximum concentration, factor increases were not calculated
for mercury, molybdenum, silver, thallium, or uranium.

The large ranges in concentrations of cadmium (0.6 to
460 mg/kg), lead (22 to 7,400 mg/kg), and zinc (100 to
45,000 mg/kg) in streambed sediment are almost certainly the
result of mining and mining related effects on some streams. A
comparison of mean and median concentrations for selected
trace elements and nutrients indicate that the central tendency of
the data populations is skewed by several large concentrations.
For example, the median (50 percentile) of lead concentrations
from all 87 sampling sites was 180 mg/kg, but because of rela-
tively large concentrations from about 10 percent of the sam-
pling sites, the mean was 650 mg/kg (3.6 times larger). Similar

examples were evident for the median and means of cadmium
(median of 13 and mean of 42 mg/kg) and zinc (median of
1,800 and mean of 5,600 mg/kg).

The ranges in antimony (0.4 to 22 mg/kg) and phosphorus
(400 to 20,000 mg/kg) were the result of large concentrations at
a few sampling sites (table 11). The maximum concentration of
antimony was determined at sampling site 31 on Short Creek
(fig. 2; table 3). The second largest concentration also was
determined at a Short Creek sampling site (site 38) but at a
much smaller concentration of 6.7 mg/kg. The factor increase
would have been about 17 times using the second largest con-
centration. It is not known if the enrichment of antimony in
streambed sediment of Short Creek is related to lead and zinc
mining, but it is possible that it may be of industrial origin. Anti-
mony is used as a hardening agent for lead in the production of
lead-acid storage batteries and electrical cable sheathing (Min-
eral Information Institute, 2005). Antimony may have been
used in the lead smelting and refining process at a smelter
located near Short Creek at Galena, Kansas, with subsequent
environmental release or discharge. Lead and zinc ores of the
Tri-State District were mostly free of antimony (Haworth and
others, 1904).

The large phosphorus range among the 87 sampling sites
was the result of a large concentration (20,000 mg/kg) deter-
mined at Short Creek sampling site 26 (fig. 2; table 3). Other
sampling sites (31, 38, and 39) on Short Creek also had rela-
tively large phosphorus concentrations (4,200, 5,500, and
13,000 mg/kg, respectively). It is believed that these large con-
centrations of phosphorus in streambed-sediment samples from
Short Creek are related to a fertilizer manufacturing facility
located in the Short Creek watershed. Phosphorus concentra-
tions from all other streambed-sediment sampling sites did not
exceed 1,700 mg/kg (table 11).

The range in copper concentrations (11 to 650 mg/kg) in
streambed-sediment samples, although substantially smaller
(on the basis of factor increases) than that determined for cad-
mium, lead, or zinc, was large relative to most other trace
elements and also may be related to lead and zinc mining. As
previously mentioned, several copper minerals occur in associ-
ation with the lead and zinc ores in the Tri-State District and,
although not commercially recovered, their environmental dis-
tribution during the milling, processing, and smelting of the
lead and zinc ores was likely.

Large spatial variability was determined for streambed-
sediment concentrations of cadmium (fig. 11), lead (fig. 12),
and zinc (fig. 13) throughout the study area; however, the spa-
tial distributional pattern was similar for all three trace ele-
ments. Sampling sites in the most intensively mine-affected
areas had the largest concentrations of these trace elements. The
largest streambed-sediment concentrations of cadmium, lead,
and zinc were determined at sampling sites in the Short Creek
watershed in and near Galena, Kansas. For example, concentra-
tions of cadmium at sampling sites on the main stem of Short
Creek (sites 26, 31, 36, 38, and 39; table 3) ranged from
110 (site 36) to 460 mg/kg (site 39) (table 11). Lead concentra-
tions ranged from 280 (site 26) to 7,400 (site 31). The lead







































Streambed-sediment samples were collected from the
upper 0.8 in. of sediment deposition. The targeted sediment par-
ticle size for this study was less than 0.063 mm (silt- and clay-
size particles). Restricting trace element and nutrient analyses
to the silt/clay fraction reduced particle-size variability between
sampling sites and permitted direct site-to-site concentration
comparisons. If possible, each streambed-sediment sample con-
sisted of 5 to 10 subsamples collected at silt/clay
depositional areas along the sides and center of streams and
composited for analysis. A total of 98 composite samples were
collected. Chain-of-custody protocols were followed during
sample handling, storage, transport, and analysis. Sample anal-
ysis included a total (strong acid) digestion that destroyed the
mineral matrix and provided a total trace element analysis that
represented greater than 95 percent of the elements sorbed to or
bound within the mineral matrix.

Cadmium, lead. and zinc were the trace elements most
enriched in streambed sediment. These trace elements had
much larger concentration ranges than any other element deter-
mined. For example, the factor increases between minimum and
maximum concentrations for all 87 streambed-sampling sites
were about 770, 340, and 450 times, respectively. These con-
trast to factor increases of less than 10 times for the majority of
the other trace elements. Copper had the next largest factor
increase at 59. Ranges in concentrations were 0.6 to 460 mg/kg
for cadmium, 22 to 7,400 mg/kg for lead, and 100 to
45,000 mg/kg for zinc. Median concentrations of cadmium,
lead, and zinc for all 87 sampling sites were 13, 180, and
1,800 mg/kg, respectively. Mean concentrations were much
larger (42, 650, and 5,600 mg/kg, respectively), which indi-
cated that mean calculations were affected by several extremely
large concentrations.

Large spatial variability was determined for streambed-
sediment associated concentrations of cadmium, lead, and zinc
throughout the study area. Sampling sites in the most inten-
sively mine-affected areas had the largest concentrations. Sam-
pling sites on the main stem of Short Creek at or near Galena,
Kansas, had the largest concentrations of cadmium (110 to
460 mg/kg), lead (280 to 7,400 mg/kg). and zinc (14,000 to
45,000 mg/kg) of any stream in the study area. Concentrations
at main-stem Tar Creek sampling sites were secondary in mag-
nitude only to those in Short Creek.

Concentration ranges for Tar Creek sampling sites were
1.2 to 270 mg/kg for cadmium, 58 to 3.400 mg/kg for lead, and
250 to 32,000 mg/kg for zinc. Concentrations at Tar Creek sam-
pling sites indicated the transition from upstream unmined areas
to intensively mined downstream areas. The smallest concen-
trations of cadmium, lead. and zinc were in streambed sediment
collected at upstream main-stem sampling sites.

Other streams in the study area with enriched concentra-
tions of cadmium, lead. and zinc in streambed sediment
included the Shoal Creek watershed south of Galena, Kansas,
and Spring Branch Creek and the downstream segment of Wil-
low Creek at or near Baxter Springs, Kansas. In contrast, most
sampling sites in the Brush, Cow, and Shawnee Creek water-
sheds had relatively small streambed-sediment concentrations
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of cadmium (less than 5 mg/kg), lead (less than 130 mg/kg), and
zinc (less than 460 mg/kg).

Concentrations of cadmium, lead, and zinc in the Spring
River near where it enters the study area (near the Kansas-
Missouri State line) were 0.9, 26, and 150 mg/kg. respectively,
and were 16, 180, and 2,500 mg/kg, respectively, near where it
exits the study area (near the Kansas-Oklahoma State line).
These concentrations represent increases in cadmium, lead, and
zinc in streambed sediment of the Spring River of about 18, 7.
and 17 times, respectively, within its 22-mi length in Kansas.
However, because the drainage areas of some tributary streams
(Center, Turkey, Short, and Shoal Creeks) also are affected by
mined areas in Missouri, documented problems in the Spring
River in Kansas or its watershed may not be attributable entirely
to conditions in either State.

Trace element concentrations in streambed sediment at
Spring River sampling sites provide supporting causal evidence
of a general downward trend in mussel diversity and density in
a downstream direction on the Spring River. This trend in mus-
sel populations was identified by the Kansas Department of
Health and Environment and included spatially restricted areas
of sharply decreased mussel populations. These areas corre-
sponded to areas of sharply increased concentrations of cad-
mium, lead, and zinc (identified in the study described in this
report) immediately downstream from the major Spring River
tributaries, Center and Turkey Creeks.

Concentrations of selected trace elements in streambed
sediment were compared to sediment-quality guidelines. How-
ever, only cadmium, lead, and zinc had large percentages (64,
56, and 75, respectively) of the 87 sampling sites with concen-
trations that exceeded selected probable effects guidelines
(4.98, 128. and 459 mg/kg. respectively). Concentrations larger
than the probable effects guideline are frequently expected to
have toxicological effects on some aquatic-life forms. The next
largest percentage of sampling sites that exceeded a probable
effects guideline was 8 percent for nickel. Much of the study
area has been contaminated with cadmium, lead. and zinc to an
extent that adverse effects on the biological community may be
common. The most mine-affected individual watersheds had
the largest percentage of sampling sites with concentrations of
cadmium, lead, and zinc that exceeded probable effects guide-
lines. Generally, this percentage was 100 percent for these trace
clements.

Preliminary background (pre-mining) concentrations of
cadmium, lead, and zinc in streambed sediment in the study area
were estimated at 0.6, 20, and 100 mg/kg, respectively. The
validity of these estimates was tempered with the conclusion
that much of the study area may be contaminated with these
trace elements from wind distribution of contaminated dust
generated during ore milling, processing, and smelting, as well
as from the storage of waste material and its use in commercial
or industrial applications such as gravel on rural roads. There-
fore, estimates made on the basis of information from contami-
nated areas may not be representative of natural, pre-mine
conditions.
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Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment samples
{less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State Mining District,

2004.

[mm, millimeter: mg/kg, milligrams per kilogram: P. primary: LR, laboratory replicate: CR. concurrent replicate; SR, sequential replicate: AR,
analytical rerun; TR, temporal replicate; <, less than; --. not determined]

Sedr- . Carbon
Map Date of _ ment,  Alumi- . organic’, Carbon,
index samp!e Time Sample <0063 num Anti- Arsenic  Barium Beryl- Cadmium  total total
number collection  (24- type mm  (percent mony (ma/kg) (ma/kg) (ma/kg) (percent (percent
(fig. 2) (month/  hour) (percent d.ry (mg/kg) (mg/kg) dry d_ry
day/year) dry  weight) - weight)
weight] weight)
1 10/20/04 0910 P 52 4.1 0.9 10 430 1.7 3.2 1.4 5
2 10/20/04 1045 P 22 4.2 1.5 7.5 470 1.5 2.1 1.5 .6
3 10/20/04 1020 P 20 5.2 9 9.9 510 2.0 2.7 2.0 22
4 10/20/04 1035 P 12 3.8 .8 9.7 370 1.7 5.9 4.4 8
5 10/20/04 1005 P 59 4.3 .8 7.7 440 1.5 1.2 1.2 3
6 10/20/04 0950 P 49 3.9 1.0 7.9 150 1.2 100 3.8 4.2
0951 LR 49 38 9 7.8 170 1.1 100 3.8 4.2
7 10/20/04 0930 P 40 5.2 1.0 11 460 1.5 71 2.8 35
8 10/20/04 0940 P 23 4.3 1.2 8.5 200 14 270 3.9 4.0
9 10/20/04 1340 P 18 4.9 1.0 12 370 1.8 53 34 4.1
10 10/20/04 1310 P 44 32 .8 8.4 220 1.2 270 4.1 5.1
11 10/20/04 0830 P 17 5.3 9 14 510 1.6 38 1.5 1.6
12 10/20/04 0805 P 18 5.5 1.1 11 440 2.1 49 3.6 3.8
0810 CR 19 5.4 1.1 11 440 2.0 44 3.5 3.7
13 11/09/04 1245 P 10 3.6 .6 5.6 430 1.2 9 1.8 2.1
14 10/22/04 1030 P 53 3.6 9 8.2 380 1. 18 1.4 1.8
1031 LR 53 3.6 .8 8.4 370 1.2 18 1.3 1.9
15 10/22/04 1000 P 19 3.6 .8 10 350 1.3 3.7 1.5 1.7
16 10/22/04 0930 P 10 4.8 1.2 15 480 2.0 1.8 2.9 3.4
17 12/15/04 1025 P 19 5.9 9 14 430 2.1 8 33 3.6
1026 LR 19 5.6 9 13 420 2.0 3.0 3.6
18 11/09/04 1145 P 18 4.0 T 6.0 440 1.3 . 2.2 2.6
19 11/09/04 1040 P 6 3.8 7 7.5 440 1.5 3.3 2.1 2.6
20 12/15/04 1530 P 29 4.2 .8 7.1 450 1.5 41 1.8 2.1
21 11/09/04 0950 P 37 4.2 7 6.4 480 14 11 2.1 2.5
22 10/21/04 1645 P 23 3.7 1.3 9.3 390 1.4 52 2.6 3.6
23 12/15/04 1435 P 13 4.0 1.0 8.7 380 1.4 40 24 34
1445 SR 23 4.5 1.1 9.3 400 1.5 40 2.4 34
24 11/09/04 0855 P 25 4.0 7 6.3 440 1.3 7.1 1.9 2.2
0900 CR 25 3.7 .6 5.7 410 1.2 7.5 1.9 2.1
25 11/09/04 1440 P 52 4.5 1.4 6.4 480 1.4 10 2.2 2.7
1441 LR 52 4.2 1.3 6.4 450 1.2 11 2.3 2.7
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Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment samples
(less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State Mining District,
2004.—Continued

[mm, millimeter; mg/kg, milligrams per kilogram; P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate; AR,
analytical rerun; TR, temporal replicate; <, less than; --, not determined]

Sedi- Carbon
Date of ment,  Alumi- . ' Carbon,
Map . . organic,
index _Samele  Time Sample <0063 num  Ant- o onic Barium BV Cadmium  total total
number collection  (24- type mm  (percent mony (mg/kg) (ma/kg) lium (ma/ka) (percent (percent
(fig.2) (month/ — hour) (percent  dry  (mg/kg) (mg/kg) ay
day/year) d.ry weight) iaht) weight)
weight) welg
26 1021/04 0915 P 18 5.1 05 10 760 2.6 200 39 44
Requested AR 18 5.9 4 9.5 800 3.1 220 - -
rerun
27 10/21/04 0940 P 18 52 1.0 7.8 580 1.9 36 1.4 1.6
28 10/21/04 0835 P 21 4.9 1.6 10 480 21 73 35 3.8
29 10/20/04 1715 P 8 4.5 1.8 8.5 350 1.6 98 5.1 5.9
30 10/21/04 0810 P 31 33 2.0 9.2 360 14 74 1.9 2.3
31 10/19/04 0815 P 8 4.1 21 17 440 1.9 160 3.7 4.3
11/18/04 1330 TR 6 33 24 23 460 1.9 190 6.0 7.0
32 10/19/04 1110 P 36 3.6 8 7.1 440 1.2 5.2 2.1 22
33 10/19/04 1040 P 22 4.5 1.3 14 390 1.9 75 5.5 6.5
34 10/19/04 1620 P 25 5.3 .8 9.7 460 1.9 55 1.3 1.6
35 10/21/04 1030 P 19 4.3 8 9.7 510 3.0 22 1.5 1.8
36 10/21/04 1045 P 28 4.5 2.8 9.0 440 3.2 110 2.5 2.7
1046 LR 28 4.5 25 8.8 450 3.2 110 2.5 2.6
37 10/19/04 0905 P 8 4.5 2.1 16 430 1.5 20 1.4 1.7
38 10/19/04 0930 P 3.2 6.7 16 410 1.9 260 5.1 5.8
39 10/20/04 1610 P 13 29 42 18 490 22 440 5.5 6.0
Requested AR 13 28 47 17 530 26 480 - -
rerun
40 10/22/04 0820 P 38 5.0 9 11 460 1.8 1.4 1.7 2.1
10/22/04 0825 CR 42 5.5 8 9.9 490 1.9 14 1.8 2.1
41 10/22/04 0845 P 35 5.0 .8 8.6 470 1.9 34 1.6 1.9
42 12/15/04 1055 P 16 7.1 9 18 500 2.5 2.7 1.8 2.0
43 10/22/04 0900 P 27 5.3 1.0 14 500 2.3 1.0 2.2 2.5
0901 LR 27 5.1 .9 14 490 22 1.0 24 2.6
44 10/21/04 1600 P 13 5.9 9 14 470 2.5 1.5 1.9 23
45 10/21/04 1520 P 20 52 8 9.3 450 2.0 9 1.9 2.2
46 12/15/04 1120 P 10 4.8 1.0 20 450 2.1 1.8 1.4 1.5
Requested AR 10 4.9 1.0 19 460 2.1 1.8 1.3 1.6
rerun
1130 SR 9 2.8 1.0 15 250 1.1 14 14 3.1
Requested AR 9 3.0 1.0 15 260 1.2 15 1.6 33
rerun

47 10/21/04 1540 P 27 5.5 1.0 11 530 22 1.0 25 29
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Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment samples
{less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State Mining District,
2004 —Continued

[mm, millimeter; mg/kg. milligrams per kilogram; P, primary; LR. laboratory replicate: CR, concurrent replicate: SR. sequential replicate: AR,

analytical rerun: TR, temporal replicate; <, less than: --. not determined]

Sedi- . Carbon
Date of ' ment,  Alumi- . organic', Carbon,
index samp!e Time Sample <0063 num Ant- Arsenic Barium B_eryl- Cadmium total total
number collection - {24- type mm {percent  mony (mg/kg) (mg/ka) urn (mg/kg) (percent (percent
(fig. 2) (month/  hour) (percent d.ry {mg/kg) (mg/kg) dry d_ry
day/year) dry  weight) : weight)
weight weight)
48 10/21/04 1455 P 34 5.0 0.7 7.5 480 1.8 0.9 2.0 2.6
49 11/09/04 1520 P 58 4.7 8 7.8 480 1.5 16 2.5 2.9
50 10/19/04 1545 P 55 4.5 7 8.5 430 2.1 65 2.3 2
51 10/19/04 1600 P 42 3.9 1.4 11 450 1.4 120 3.0 3.
52 10/20/04 1540 P 34 3.3 1.1 13 450 14 62 2.2 2.
53 11/18/04 1230 P 25 3.7 .6 2 430 1.2 14 2.6 3.
54 11/19/04 1115 P 33 3.7 7 5.3 460 1.3 12 1.9 2.
1120 CR 35 3.8 .6 5.1 460 1.3 11 1.9 22
55 10/19/04 1010 P 25 4.0 .8 4.0 430 1.4 18 3.4 3.8
56 11/10/04 1125 P 27 +.2 .8 6.7 460 1.4 54 1.9 2.1
57 11/10/04 1100 P 55 3.6 7 4.1 440 1.2 15 2.8 3.2
1101 LR 55 3.5 .6 4.6 450 1.2 15 2.7 3.2
58 11/10/04 1035 P 20 3.0 i 5.5 400 1.8 40 1.5 1.7
59 11/10/04 1000 P 45 3.5 .6 5.2 440 1.8 38 2.1 2.3
60 11/10/04 0910 P 41 3.6 7 4.5 460 1.3 18 2.7 33
0911 LR 41 3.3 .6 4.0 420 1.2 18 2.5 3.2
61 11/10/04 0840 P 56 3.5 5 39 440 1.2 19 23 2.7
62 11/10/04 1300 P 51 3.7 .8 12 460 1.2 18 .8 33
1301 LR 51 3.8 v 10 470 1.2 18 2.8 33
1305 CR 52 3.7 v 11 460 1.2 19 3.0 3.6
63 11/10/04 1340 P 11 4.4 .8 9.2 400 1.6 11 1.8 22
64 12/15/04 1150 P 29 5.6 9 16 430 2.0 .6 1.5 1.6
65 12/15/04 1210 P 26 5.9 7 11 460 2.0 1.1 2.1 2.3
66 10/21/04 1335 P 20 5.7 i 10 470 2.2 1.4 2.1 2.4
67 10/21/04 1315 P 13 6.0 .9 23 500 2.5 9 1.8 2.1
68 10/21/04 1420 P 42 5.1 i 8.5 460 2.0 2.7 1.6 1.8
69 10/21/04 1400 P 18 6.5 T 12 510 2.4 22 1.4 1.7
70 10/21/04 1250 P 13 6.2 .8 13 500 2.4 .9 1.7 2.1
71 12/15/04 1305 P 38 8.3 1.0 32 490 3.6 T 1.1 1.0
72 10/21/04 1215 P 16 7.3 7 14 500 2.6 5 .6 .8
1220 CR 19 7.5 14 510 2.7 .6 v .8
73 10/19/04 1135 P 22 5.2 9.1 470 2.0 1.0 1.6 1.9
1140 CR 20 5.2 10 480 1.9 .8 1.6 1.8
1141 LR 20 53 10 480 2.1 1.0 1.7 1.8
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Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment samples
{less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State Mining District,
2004.—Continued

[mm, millimeter; mg/kg, milligrams per kilogram; P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate; AR,
analytical rerun; TR, temporal replicate; <, less than; --, not determined|

Sedi-

Map Date of . ment,  Alumi- _ (():ri]r:rfir(‘:’, Carbon,
index samp!e Time Sample <0063 num Anti- Arsenic Barium B_eryl- Cadmium total total
number collection  (24- type mm  (percent mony (mg/kg) (mg/kg) lium (mg/kg) (percent (percent
(fig. 2) (month/  hour) (percent d‘ry {mg/kg) {mg/kg) y d_ry

day/year) dry  weight) . weight)
weight) weight)

74 11/08/04 1540 P 34 4.4 0.7 6.6 470 14 13 2.2 2.7
75 12/15/04 1240 P 15 4.7 1.2 22 500 2.3 2.7 22 2.5
76 10/20/04 1435 P 34 5.0 8 10 450 19 7.8 22 2.6

1440 CR 32 5.1 8 9.8 450 2.0 7.6 21 2.6
77 10/20/04 1420 P 38 5.5 8 9.5 500 2.0 34 23 24
78 10/20/04 1455 P 12 7.4 9 16 550 2.7 7.8 1.7 21
79 10/19/04 1445 P 20 7.6 9 13 480 2.6 6.2 1.8 22
80 10/19/04 1210 P 15 5.6 1.8 26 410 2.3 29 2.9 4.0
81 10/19/04 1430 P 34 5.7 9 21 520 1.9 25 1.5 2.0
82 10/19/04 1410 P 15 7.0 1.1 15 520 2.2 29 1.8 2.0
83 10/19/04 1350 P 40 49 1.1 10 410 1.7 79 3.2 3.7

1351 LR 40 4.6 1.1 10 380 1.6 72 34 3.7
84 10/19/04 1330 P 22 43 1.4 13 340 1.5 180 53 6.7
85 11/08/04 1420 P 48 3.6 1.1 6.7 440 1.3 13 1.8 2.1
86 11/08/04 1335 P 6 3.8 i 7.6 450 1.4 16 2.1 2.6
87 11/08/04 1630 P 24 3.7 9 8.9 460 1.6 2.4 4.6 5.3



Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment
samples (less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State

Mining District, 2004.—Continued

[mm, millimeter; mg/kg, milligrams per kilogram: P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate; AR,

analytical rerun; TR, temporal replicate: <, less than: --, not determined]

Supplemental Information

Map Date of . Iron

index ~_Sample  Time Sample Chro- ¢ pat Copper (per- Lead Lithium Man- — Mer- Moly- .o\
number collection  (24- type (ma/kg) (markg) centdry (ma/kg) (markg) ganese  cury bdenum ma/kg

(fig. 2 d(month/ hour) (mg/kg) weight) (ma/kg) (mg/kg) (mg/kg)

ay/year)

1 10/20/04 0910 P 55 13 13 3.1 160 25 520 0.07 <l 25
2 10/20/04 1045 P 49 11 16 2.2 62 30 550 02 <1 16
3 10/20/04 1020 P 59 18 18 34 82 40 870 03 <1 24
4 10/20/04 1035 P 47 12 23 4.1 150 21 560 05 <1 19
5 10/20/04 1005 P 50 9.2 13 2.1 58 29 380 19 <1 16
6 10/20/04 0950 P 48 14 43 2.2 750 34 410 .16 1 25
0951 LR 44 13 41 2.1 910 30 390 13 1 24
10/20/04 0930 P 61 23 39 2.5 1,400 42 1,100 .16 2 26
10/20/04 0940 P 53 11 68 2.2 4,000 36 400 S1 1 25
10/20/04 1340 P 63 16 46 3.0 1,800 41 980 .30 1 41
10 10/20/04 1310 P 47 10 95 1.9 3,400 30 500 .32 1 29
11 10/20/04 0830 P 62 25 28 4.0 430 48 640 A2 1 38
12 10/20/04 0805 P 110 11 41 2.7 590 47 830 .20 1 31
0810 CR 110 12 39 2.6 580 45 830 21 «l 30
13 11/09/04 1245 P 44 11 11 1.6 26 22 870 04 <2 16
14 10/22/04 1030 P 50 11 46 2.0 89 24 460 11 2 22
1031 LR 49 10 47 1.9 94 27 450 1 2 21
15 10/22/04 1000 P 49 21 12 2.3 31 24 930 .05 1 23
16 10/22/04 0930 P 60 35 19 4.0 40 37 3.700 .04 2 51
17 12/15/04 1025 P 69 22 17 35 43 45 880 .04 2 31
1026 LR 65 21 16 34 43 42 840 04 <2 29
18 11/09/04 1145 P 48 13 13 1.9 22 25 930 04 <2 20
19 11/09/04 1040 P 51 15 29 24 33 22 1.100 06 <2 26
20 12/15/04 1530 P 53 13 24 2.1 510 25 970 22 «l 22
21 11/09/04 0950 P 56 14 17 2.0 120 27 1,000 10 <2 22
22 10/21/04 1645 P 61 17 39 2.1 1,000 24 840 1.0 <2 36
23 12/15/04 1435 P 54 15 31 2.1 640 26 980 .90 1 26
1445 SR 62 17 35 2.2 720 28 1,100 1.2 <2 30
24 11/09/04 0855 P 47 14 14 1.9 91 22 920 09 <2 21
0900 CR 44 12 12 1.7 90 23 820 A1 <2 18
25 11/09/04 1440 P 56 14 18 2.1 120 25 1,100 .08 1 23
1441 LR 52 12 16 1.9 130 25 980 .10 1 20
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48 Contaminated Streambed Sediment in the Kansas Part of the Tri-State Lead and Zinc Mining District, 2004

Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment
samples (less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State
Mining District, 2004.—Continued

[mm, millimeter; mg/kg, milligrams per kilogram; P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate; AR,
analytical rerun; TR, temporal replicate; <, less than; --, not determined]

Map Date of . ron
index ~Sample  Time o e CMTO Cobalt Copper (per- Lead Lithium Man-  Mer Moly
number collection  (24- type (ma/kg) (mg/kg) centdry (mg/kg) (mgrkg) ganese  cury bdenum (mg/kg)
(fig. 2) {(month/  hour) {mg/kg) weight) (mg/kg) (mg/kg) (mg/kg)
day/year)
26 10/21/04 0915 P 58 75 36 2.7 300 25 2,200 0.21 1 54
Requested AR 63 81 35 2.8 260 22 2,000 -- 1 56
rerun
27 10/21/04 0940 P 59 11 31 1.9 220 27 190 23 <2 35
28 10/21/04 0835 P 62 16 55 2.5 450 29 970 A5 1 29
29 10/20/04 1715 P 67 13 64 2.3 3,000 29 1,400 .40 2 24
30 10/21/04 0810 P 46 67 190 1.8 6,400 24 480 .66 2 18
31 10/19/04 0815 P 58 29 480 2.2 7,400 27 2,100 1.8 3 48
11/18/04 1330 TR 60 41 660 2.8 7,400 20 2,200 1.7 3 71
32 10/19/04 1110 P 42 10 23 1.6 890 21 680 .09 1 14
33 10/19/04 1040 P 61 53 39 4.0 1,000 23 1,600 15 2 35
34 10/19/04 1620 P 78 17 85 2.3 310 34 650 A1 2 40
35 10/21/04 1030 P 49 120 180 2.3 1,500 25 1,900 d4 <2 43
36 10/21/04 1045 P 50 54 130 1.9 1,300 28 1,200 .24 1 37
1046 LR 52 54 130 1.9 1,300 28 1,200 17 1 36
37 10/19/04 0905 P 57 29 35 3.0 300 25 840 14 <2 26
38 10/19/04 0930 P 49 37 260 1.9 2,700 17 1,600 1.0 2 53
39 10/20/04 1610 P 49 21 440 2.0 3,600 19 1,100 1.9 3 59
Requested AR 52 23 440 2.0 4,000 15 1,200 - 3 55
rerun
40 10/22/04 0820 P 67 15 17 2.7 48 43 550 05 <1 24
10/22/04 0825 CR 65 15 19 29 51 46 620 04 <1 27
41 10/22/04 0845 P 64 18 15 29 36 42 910 09 <1 25
42 12/15/04 1055 P 96 24 21 5.0 71 61 1,300 05 2 37
43 10/22/04 0900 P 71 22 20 3.8 63 41 1,000 .03 1 28
0901 LR 68 21 19 3.6 69 38 980 <.01 1 28
44 10/21/04 1600 P 83 20 20 4.3 49 43 1,000 03 «1 31
45 10/21/04 1520 P 68 18 16 2.8 38 41 870 <01 <1 29
46 12/15/04 1120 P 69 20 14 5.3 61 26 920 .03 2 21
Requested AR 63 17 12 4.9 62 17 900 05 2 18
rerun
1130 SR 66 12 24 3.6 140 17 590 12 1 15
Requested AR 58 11 22 34 140 18 630 10 1 15
rerun

47 10/21/04 1540 P 80 17 18 32 39 38 570 02 <1 27



Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment
samples (less than 0.063-millimeter particie-size fraction) from selected sampling sites in the Kansas part of the Tri-State

Mining District, 2004.—Continued

[mm, millimeter; mg/kg, milligrams per kilogram: P, primary: LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate; AR,

analytical rerun; TR, temporal replicate: <, less than; --, not determined]

Supplemental Information

Map Date of . Iron
index ~ Sample  Time o e OO Cobalt Copper (per- Lead Lithiwm Man-  Mer Moly-
number collection  (24- type mium (mg/kg) (mg/kg) centdry (makg) (markg) ganese  cury bdenum (ma/kg)
(fig. 2 (month/  hour) (mg/kg) weight) (mg/kg) (mg/kg) (mg/kg)
day/year)
48 10/21/04 1455 P 66 13 17 25 34 38 400 002 <1 24
49 11/09/04 1520 P 42 14 19 21 130 29 1,200 09 <2 23
50 10/19/04 1545 P 58 75 650 1.9 950 26 150 40 <2 21
51 10/19/04 1600 P 55 11 100 1.9 310 36 950 11 <2 18
52 10/20/04 1540 P 45 88 100 25 500 34 790 23 < 22
53 11/18/04 1230 P 45 93 17 15 160 20 840 09 1 22
54 11/19/04 1115 P 45 98 18 1.6 270 22 850 A5 <« 20
1120 CR 45 94 18 1.6 240 22 850 1201 21
55 10/19/04 1010 p 52 89 21 1.6 180 23 550 09 <l 22
56 11/10/04 1125 P 52 11 24 18 55 21 750 08 < 23
57 11/10/04 1100 P 44 94 19 15 190 20 820 10 <2 21
1101 LR 45 92 19 15 190 20 840 10 <2 22
58 11/10/04 1035 p 39 15 73 1.5 1,600 17 580 24 1 14
59 11/10/04 1000 p 46 12 49 1.6 1,100 20 620 141 22
60 11/10/04 0910 P 50 96 21 16 190 21 780 06 <2 23
0911 LR 45 90 18 14 180 19 710 07 < 21
61 11/10/04 0840 P 43 86 17 14 180 20 710 08 <2 20
62 11/10/04 1300 P 53 11 25 1.6 190 21 1,100 07 < 26
1301 LR 55 11 27 16 190 22 1.100 071 26
1305 CR 58 12 28 1.6 190 20 1,200 09 <2 28
63 11/10/04 1340 P 54 18 21 25 120 28 1000 07 < 28
64 12/15/04 1150 P 68 16 16 40 38 40 700 041 23
65 12/15/04 1210 P 66 20 17 33 39 48 1,300 05 1 29
66 1021/04 1335 P 77 17 20 3.6 43 54 660 05 <l 34
67 10/21/04 1315 p 78 17 20 5.1 47 55 1,000 05 1 35
68 1021/04 1420 P 63 19 18 27 100 40 1,100 03 <l 30
69 10/21/04 1400 P 83 24 20 3.8 82 64 2,500 03 <l 44
70 1021/04 1250 P 84 23 19 41 38 58 1.400 03 <l 39
71 12/15/04 1305 P 110 49 25 87 40 73 1,900 02 1 72
72 1021/04 1215 P 98 19 19 41 22 76 620 03 <l 40
1220  CR 100 20 19 42 23 74 710 04 <1 41
73 10/19/04 1135 P 68 15 16 28 36 46 540 04 <l 30
1140  CR 68 13 28 29 38 45 550 03 1 28
1141 LR 73 15 26 3.1 42 46 580 <01 <l 31
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50 Contaminated Streambed Sediment in the Kansas Part of the Tri-State Lead and Zinc Mining District, 2004

Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment
samples (less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State
Mining District, 2004.—Continued

[mm, millimeter; mg/kg, milligrams per kilogram; P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate; AR,
analytical rerun; TR, temporal replicate; <, less than; --, not determined)]

Date of ‘ Iron
index ~Sample  Time Sample Chro- ¢ palt Copper (per-  Llead Lithium Man- — Mer- Moly- vl
number collection  (24- type mium (mg/kg) (ma/kg) centdry (mg/kg) (mgrkg) ganese cury bdenum (mg/kg)
(fig. 2) d(month/ hour) {mg/kg) weight) {mg/kg) (mgrkg) (mg/kg)
ay/year)
74 11/08/04 1540 P 51 15 19 2.1 100 27 1,200 008 <2 25
75 12/15/04 1240 P 64 30 15 5.7 110 31 1,700 .07 2 27
76 10/20/04 1435 P 62 18 23 2.7 200 42 1,200 05 <« 30
1440 CR 62 18 24 2.8 200 40 1,000 05 «1 31
77 10/20/04 1420 P 71 19 22 3.1 83 51 850 02 <1 32
78 10/20/04 1455 P 160 25 29 4.7 250 82 1,100 .07 4 46
79 10/19/04 1445 P 100 15 31 3.6 200 69 220 04 <« 46
80 10/19/04 1210 P 74 38 33 6.0 520 47 860 .05 1 89
81 10/19/04 1430 P 78 26 29 4.1 340 59 1,300 A5 1 41
82 10/19/04 1410 P 93 42 31 3.5 370 61 1,800 .10 1 45
83 10/19/04 1350 P 71 25 56 2.3 430 41 600 .14 1 39
1351 LR 66 22 54 2.2 470 37 560 A2 1 36
84 10/19/04 1330 P 73 39 75 3.0 810 35 1,500 .29 1 46
85 11/08/04 1420 P 52 13 22 1.8 130 25 930 14 < 23
86 11/08/04 1335 P 50 18 24 2.2 180 24 1,400 Al <2 30
87 11/08/04 1630 P 50 15 18 1.9 73 23 1,100 <02 <2 25



Supplemental Information

Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment
samples (less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State
Mining District, 2004—Continued

[mm, millimeter; mg/kg, milligrams per kilogram; P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate: AR,
analytical rerun; TR, temporal replicate; <, less than]

Date of '\E'J'terr:" Tita-
ingex ~_sample - Time Sample total  [nos- Sele- g o Stont- Thal- - nium - Vana- o g0
number collection  (24- wpe  (per- phorus  nium (mg/kg) ium lium (per-  dium (mg/kg) (mg/kg)
(fig. 2) d(month/ hour) centdry (mg/kg) (mg/kg) (mg/kg) (mg/kg) ceqtdry (mg/kg)
ay/year) weight) weight)
1 10/20/04 0910 P 0.14 530 0.8 <0.5 75 <50 0.50 72 <50 1.600
2 10/20/04 1045 P 13 490 .8 <.5 83 <50 49 69 <50 500
3 10/20/04 1020 P 16 740 1.1 <.5 110 <50 .50 87 <50 650
4 10/20/04 1035 P 33 1,400 1.2 <5 97 <50 40 68 <50 1,200
5 10/20/04 1005 P 13 400 i <5 85 <50 48 68 <50 250
6 10/20/04 0950 P .36 900 1.1 <5 71 <50 43 57 <50 26,000
0951 LR 34 910 1.0 <.5 69 <50 45 55 <50 26,000
7 10/20/04 0930 P .25 850 1.2 <5 90 <50 48 74 <50 12,000
8 10/20/04 0940 P .38 1,200 1.6 <5 62 <50 41 66 <50 41,000
9 10/20/04 1340 P .34 880 1.5 <5 69 <50 44 82 <50 14,000
10 10/20/04 1310 P 37 930 1.5 <5 45 <50 .28 53 <50 32,000
11 10/20/04 0830 P 15 450 9 <5 68 <50 .49 78 <50 5,800
12 10/20/04 0805 P 31 1,500 1.2 <5 86 <50 .50 100 <50 7,900
0810 CR .34 1,600 1.2 <.5 83 <50 .49 96 <50 7,800
13 11/09/04 1245 P 17 550 ) <1.0 60 <100 46 54 <100 150
14 10/22/04 1030 P 12 470 1.0 <1.0 63 <100 48 62 <100 2,800
1031 LR 12 440 9 <5 60 <50 48 60 <50 2,900
15 10/22/04 1000 P 13 510 <5 55 <50 48 63 <50 730
16 10/22/04 0930 P 27 1,500 1.1 <1.0 94 <100 49 80 <100 380
17 12/15/04 1025 P .30 950 9 <5 86 <50 .50 87 <50 170
1026 LR .29 930 7 <1.0 83 <100 47 85 <100 160
18 11/09/04 1145 P 21 780 7 <1.0 65 <100 49 58 <100 180
19 11/09/04 1040 P .20 740 8 <1.0 66 <100 45 60 <100 550
20 12/15/04 1530 P .20 730 ) <.5 63 <50 42 60 <50 5,400
21 11/09/04 0950 P .20 800 4 <1.0 65 <100 49 63 <100 1,500
22 10/21/04 1645 P .29 1,200 1.4 <1.0 64 <100 42 58 <100 6,900
23 12/15/04 1435 P 30 1,000 1.0 .8 68 <50 .38 59 <50 4,900
1445 SR 30 1,100 1.2 1.1 70 <100 40 65 <100 5,500
24 11/09/04 0855 P .19 750 5 <1.0 64 <100 47 57 <100 1,100
0900 CR .18 700 7 <1.0 59 <100 46 53 <100 970
25 11/09/04 1440 P .20 910 S <5 71 <50 47 63 <50 1.300
1441 LR 23 810 7 5 62 <50 45 58 <50 1,200
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52 Contaminated Streambed Sediment in the Kansas Part of the Tri-State Lead and Zinc Mining District, 2004

Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment
samples (less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State
Mining District, 2004.—Continued

[mm, millimeter; mg/kg, milligrams per kilogram: P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate; AR,
analytical rerun: TR, temporal replicate; <, less than]

Nitro-

Date of . gen Tita-
index ~_Sample  Time Sample total  nos- Sele- o, o Stront- Thal- - nium - Vana- -, g
number collection  (24- type (par- phorus  nium (ma/kg) ium lium (per-  dium (mgkg) (markg)
(fig. 2) d(mon'[h/ hour) centdry {(mg/kg) (mg/kg) (mg/kg) (mg/kg) centdry (mgrkg)
ay/year) weight) weight)
26 10/21/04 0915 P 0.44 20,000 2.2 <0.5 190 <50 0.29 67 <50 17,000
Requested AR - 21,000 2.1 <10 200 <100 31 70 <100  17.000
rerun
27 10/21/04 0940 P 11 400 9 <1.0 81 <100 44 75 <100 5,000
28 10/21/04 0835 P 33 1,000 1.9 <.5 71 <50 42 80 <50 5,900
29 10/20/04 1715 P 59 1,600 2.0 <5 79 <50 .34 72 <50 16,000
30 10/21/04 0810 P 14 950 2.9 <5 69 <50 .35 54 <50 15,000
31 10/19/04 0815 P 36 3,900 34 1.9 90 <50 27 62 <50 25,000
11/18/04 1330 TR 46 4,600 2.3 2.4 100 <100 26 61 <100 24,000
32 10/19/04 1110 P .19 570 .6 <.5 60 <50 46 56 <50 860
33 10/19/04 1040 P .56 1,000 1.6 <1.0 65 <100 39 80 <100 6,500
34 10/19/04 1620 P .14 510 1.1 <1.0 71 <100 53 80 <100 8,200
35 10/21/04 1030 P A3 650 .8 <1.0 62 <100 44 61 <100 9,500
36 10/21/04 1045 P 23 1,400 2.1 <.5 65 <50 45 69 <50 14,000
1046 LR 24 1,400 2.0 <5 65 <50 46 70 <50 15,000
37 10/19/04 0905 P 13 610 .6 <1.0 60 <100 44 75 <100 2,800
38 10/19/04 0930 P .60 5,500 1.6 <1.0 73 <100 24 51 <100 44,000
39 10/20/04 1610 P .56 12,000 3.8 1.3 77 <100 28 51 <100 45,000
Requested AR - 14,000 4.2 <1.0 84 <100 .26 55 <100 45,000
rerun
40 10/22/04 0820 P 17 700 .8 <5 94 <50 52 82 <50 260
10/22/04 0825 CR 15 750 .8 <5 100 <50 .54 88 <50 300
41 10/22/04 0845 P .16 600 .8 <.5 93 <50 .55 81 <50 170
42 12/15/04 1055 P .20 820 1.1 <1.0 110 <100 .49 120 <100 500
43 10/22/04 0900 P 18 840 1.0 <5 99 <50 S1 93 <50 200
0901 LR .20 810 9 <.5 99 <50 48 91 <50 200
44 10/21/04 1600 P .16 1,000 .9 <.5 100 <50 52 100 <50 300
45 10/21/04 1520 P .19 700 9 <.5 86 <50 53 87 <50 180
46 12/15/04 1120 P .10 810 v <1.0 81 <100 43 93 <100 450
Requested AR 13 790 1.0 <1.0 76 <100 40 84 <100 440
rerun
1130 SR .10 530 9 <.5 170 <50 31 54 <50 2,300
Requested AR 12 490 1.1 1.0 160 <100 .30 52 <100 2,500

rerun
47 10/21/04 1540 P 23 820 9 5 110 <50 52 93 <50 180



Supplemental Information

Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment
samples {less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State
Mining District, 2004—Continued

[mm, millimeter; mg/kg, milligrams per kilogram: P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate; AR,
analytical rerun; TR, temporal replicate; <, less than]

Map Date of _ l\:;gno,- Tita-
index sampl_e Time Sample  total Phos- Sfele- Silver St'ront- T_hal- nium Ve_lna- Uranium  Zinc
number collection  (24- ype  (per- phorus  nium (mg/kg) ium lium (per-  dium (mgka) (ma/kg)
(fig. 2) d(month/ hour) centdry (mg/kg) (mg/kg) {mg/kg) (mg/kg) centdry (mg/kg)
ay/year) weight) weight)
48 10/21/04 1455 P 0.21 810 0.7 <0.5 88 <50 0.51 81 <50 220
49 11/09/04 1520 P 27 1,000 3 <1.0 68 <100 Sl 66 <100 1,800
50 10/19/04 1545 P 25 1,000 1.8 <1.0 68 <100 46 70 <100 5,700
51 10/19/04 1600 P 34 1,300 1.2 <1.0 60 <100 45 63 <100 4,800
52 10/20/04 1540 P 23 1,700 1.5 <1.0 60 <100 43 61 <100 4,900
53 11/18/04 1230 P .24 780 8 1.0 61 <50 43 49 <50 1,600
54 11/19/04 1115 P 18 590 .8 6 57 <50 45 51 <50 1,900
1120 CR .19 610 v .6 57 <50 44 51 <50 1,700
55 10/19/04 1010 P .36 960 1.5 1.0 68 <50 43 55 <50 2,300
56 11/10/04 1125 P .16 560 .8 <10 69 <100 45 63 <100 1,800
57 11/10/04 1100 P 25 770 .8 <1.0 59 <100 44 47 <100 1,800
1101 LR 24 780 9 <1.0 57 <100 44 48 <100 1,800
58 11/10/04 1035 P 13 440 1.1 .5 57 <50 39 42 <50 3,100
59 11/10/04 1000 P 21 630 1.1 5 61 <50 43 49 <50 4,200
60 11/10/04 0910 P 27 800 9 <1.0 58 <100 45 51 <100 2,100
0911 LR 25 750 9 1.2 53 <100 44 47 <100 1,900
61 11/10/04 0840 P 24 720 .8 1.1 58 <100 46 47 <100 1,900
62 11/10/04 1300 P 27 960 8 <1.0 63 <100 45 48 <100 2,400
1301 LR 28 930 .8 9 64 <50 44 48 <50 2,400
1305 CR 30 1,000 9 <1.0 62 <100 44 48 <100 2,500
63 11/10/04 1340 P 15 720 v <1.0 62 <100 45 67 <100 1,400
64 12/15/04 1150 P .20 700 9 <5 85 <50 .50 82 <50 160
65 12/15/04 1210 P 30 1,100 .8 <5 100 <50 47 84 <50 270
66 10/21/04 1335 P 17 880 .8 <5 110 <50 49 91 <50 290
67 10/21/04 1315 P 17 910 1.0 <5 110 <50 52 99 <50 220
68 10/21/04 1420 P 13 550 8 <5 99 <50 52 81 <50 610
69 10721/04 1400 P 10 700 9 <.5 120 <50 53 99 <50 450
70 10/21/04 1250 P 15 750 9 <5 110 <50 53 100 <50 210
7 12/15/04 1305 P 100 1,300 1.0 <i.0 140 <100 46 130 <100 300
72 10/21/04 1215 P .08 670 6 <5 130 <50 .53 110 <50 97
1220 CR .06 670 6 <5 140 <50 53 120 <50 110
73 10/19/04 1135 P 15 620 8 5 98 <50 50 83 <50 180
1140 CR .14 670 .6 <5 100 <50 49 88 <50 190

1141 LR 14 680 i <5 100 <50 52 85 <50 190



54 Contaminated Streambed Sediment in the Kansas Part of the Tri-State Lead and Zinc Mining District, 2004

Table 11. Results of physical and total trace element and nutrient analyses of primary and replicate streambed-sediment
samples {less than 0.063-millimeter particle-size fraction) from selected sampling sites in the Kansas part of the Tri-State
Mining District, 2004.—Continued

[mm, millimeter; mg/kg, milligrams per kilogram; P, primary; LR, laboratory replicate; CR, concurrent replicate; SR, sequential replicate: AR,
analytical rerun: TR, temporal replicate; <, less than]

Nitro-

Date of . gen T_ita-
index ~_Sample  Time Sample total  Fnos- Sele- g o Stront- Thal-onium o Vana- - i
number collection  (24- type (per- phorus  nium (ma/kg) ium lium (per-  dium (ma/kg) (ma/ka)
(fig. 2) d(month/ hour) centdry (mg/kg) (mg/kg) (mg/kg) (mg/kg) cen.tdry (mg/kg)
ay/year) weight) weight)
74 11/08/04 1540 P 0.23 910 0.7 <1.0 68 <100 0.50 61 <100 1,800
75 12/15/04 1240 P .20 910 9 <1.0 81 <100 42 95 <100 640
76 10/20/04 1435 P 21 740 1.1 <5 110 <50 .50 80 <50 1,300
1440 CR 22 720 1.1 <5 110 <50 48 81 <50 1,300
77 10/20/04 1420 P 18 670 1.0 <5 130 <50 52 86 <50 660
78 10/20/04 1455 P 17 820 1.3 <5 130 <50 .50 120 <50 1,400
79 10/19/04 1445 P 18 700 1.2 <5 110 <50 52 120 <50 1,500
80 10/19/04 1210 P 30 1,600 2.0 <5 83 <50 52 88 <50 8,800
81 10/19/04 1430 P 12 620 1.0 <5 130 <50 46 93 <50 4,600
82 10/19/04 1410 P 15 660 9 <5 95 <50 .50 100 <50 4,200
83 10/19/04 1350 P .26 790 1.1 <5 76 <50 45 75 <50 11,000
1351 LR .26 710 9 <5 71 <50 41 68 <50 10,000
84 10/19/04 1330 P 44 1,700 2.1 <5 86 <50 .36 70 <50 16,000
85 11/08/04 1420 P .19 820 7 <1.0 63 <100 47 55 <100 2,100
86 11/08/04 1335 P .19 860 8 <1.0 65 <100 45 58 <100 2,500
87 11/08/04 1630 P .38 630 8 <1.0 58 <100 45 64 <100 370


































